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1
METHOD TO ESTABLISH AND MAINTAIN
AN AIRCRAFT AD-HOC COMMUNICATION
NETWORK

BACKGROUND

In today’s aeronautical datalink environment, aircraft
datalink service is limited to communication links provided
by datalink service providers. Large airlines can spend
upwards of $10 million per year on datalink services.
Datalink costs could be significantly reduced if aircraft had a
means to communicate with the airline operations center
without using datalink service providers. Given the large
number of aircraft operating at any given time, a feasible
approach is to form an ad-hoc network of aircraft where
messages are relayed to the final destination. Establishing an
ad-hoc network relies on two basic techniques: neighbor dis-
covery and topology discovery. The purpose of neighbor dis-
covery is to determine what nodes are within direct commu-
nication range. In mobile ad-hoc networks, neighbor
relationships change frequently. Neighbor discovery is typi-
cally performed using a hello protocol over the communica-
tions network. To account for the continuously changing net-
work topology, nodes broadcast hello messages periodically.
Based on received hello messages, each node is able to ascer-
tain its neighbor nodes. Before a routing decision can be
made, a node must also determine a complete path to the
destination. Topology discovery is performed to determine all
the communication paths that are available in the network.
During topology discovery, neighbor information is distrib-
uted to the entire network using topology control messages.
The topology control messages are periodically distributed to
the entire network using methods such as message flooding.
The broadcast of hello messages and distribution of topology
information introduces a significant amount of overhead to
the network. Due to the overhead associated with neighbor
discovery and topology discovery, establishing ad-hoc net-
work routes and determining that an aircraft (node) in the
route is no longer available, can cause considerable overhead
in a communications network as well as delays in routing a
message, or even result in dropped messages that cannot be
delivered.

For the reasons stated above and for other reasons stated
below which will become apparent to those skilled in the art
upon reading and understanding the present specification,
there is a need in the art for an ad-hoc air to air networking
communication system that is efficient, reliable and relatively
inexpensive to operate.

SUMMARY OF INVENTION

The above-mentioned problems of current systems are
addressed by embodiments of the present invention and will
be understood by reading and studying the following speci-
fication. The following summary is made by way of example
and not by way of limitation. It is merely provided to aid the
reader in understanding some of the aspects of the invention.

In one embodiment, an ad-hoc communication network is
provided. The network includes at least two vehicles such as
atleast two aircraft. Each vehicle includes surveillance equip-
ment, a surveillance transmitter, a surveillance receiver, a
communication management function (CMF), a communica-
tion transmitter, and a communication receiver. The surveil-
lance equipment is configured to generate at least position
and ID information. The surveillance transmitter is config-
ured to transmit the at least position and ID information. The
surveillance receiver is configured to receive at least position
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2

and ID information from other vehicles. The communication
management function (CMF) is configured to determine a
network topology based on the received at least position and
ID information and determine a route for a communication
signal based on the determined network topology and the
communication transmitter is configured to transmit the com-
munication signals to a select communication receiver pur-
suant to the determined route.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more easily understood and
further advantages and uses thereof more readily apparent,
when considered in view of the detailed description and the
following figures in which:

FIG.1is anillustration of a communication network of one
embodiment of the present invention;

FIG. 2 is a block diagram of aircraft in a communication
network of the present invention; and

FIG. 3 is a flow diagram of one method of communication
in a communication network of one embodiment of the
present invention.

In accordance with common practice, the various
described features are not drawn to scale but are drawn to
emphasize specific features relevant to the present invention.
Reference characters denote like elements throughout Fig-
ures and text.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof, and in
which is shown by way of illustration specific embodiments
in which the inventions may be practiced. These embodi-
ments are described in sufficient detail to enable those skilled
in the art to practice the invention, and it is to be understood
that other embodiments may be utilized and that logical,
mechanical and electrical changes may be made without
departing from the spirit and scope of the present invention.
The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the present inven-
tion is defined only by the claims and equivalents thereof.

Embodiments of the present invention provide an ad-hoc
air-to-air communication network that is efficient and reliable
by using prior knowledge of the network topology without the
need to distribute this information over a communication
link. Embodiments use surveillance data that is transmitted
between aircraft and also from ground stations to aircraft to
obtain the prior knowledge of the network topology. This
surveillance data not only provides more reliable awareness
of aircraft positions and flight trajectories than by monitoring
communications alone, it also avoids the additional overhead
of transmitting the position and flight trajectory information
over communication links.

Referring to FIG. 1, an example of a communication net-
work 100 including aircraft 102, 104 and 106 and a ground
terminal 108 is illustrated. In this example, an aircraft, such as
aircraft 102 desires to communicate a message to message
destination 108, but aircraft 102 is beyond communication
range with ground terminal 108. Communications between
the aircraft are done with very high frequency (VHF) com-
munications that have a relatively short line-of-sight commu-
nication range. Hence, aircraft 102 needs to find a communi-
cation path between aircraft 106 and 104 for the message to
reach ground terminal 108. As discussed above, embodi-
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ments use surveillance data from surveillance equipment on
the aircraft to discover the network topology of aircraft and
ground terminals.

Referring to FIG. 2, block diagrams of a communication
network 200 made up of aircraft 202, 204 and 206 is illus-
trated. It will be understood that the block diagrams only
show portions of the aircraft 202, 204 and 206 that are rel-
evant to the current invention. In this example, the first aircraft
202 wants to send a message via the communication network
200. The first aircraft 202 is illustrated has having surveil-
lance equipment 201, a communications management func-
tion (CMF) 210, a surveillance transceiver 212, a surveillance
antenna 216, a communication transceiver 214 and a commu-
nication antenna 218. The second aircraft 204 is also illus-
trated as having surveillance equipment 203, a CMF 221,
surveillance transceiver 220, surveillance antenna 224, com-
munication transceiver 222 and communication antenna 226.
Likewise, the third aircraft 206 is illustrated as including
surveillance equipment 205, CMF 242, surveillance trans-
ceiver 228, surveillance antenna 230, communication trans-
ceiver 244 and communication antenna 240. The surveillance
equipment 201, 203 and 205 is used by the respective aircraft
202, 204 and 206 to periodically broadcast at least their
position and ID to other aircraft and ground systems. An
example of a type of surveillance equipment 201 is an Auto-
matic Dependant Surveillance-Broadcast (ADS-B). The pri-
mary purpose of the ADS-B is to create traffic situational
awareness for both pilots and air traffic controllers. Another
example of surveillance equipment is Traffic Conflict and
Advisory Systems (TCAS). A TCAS system provides posi-
tional data of an aircraft in response to an interrogation by
another aircraft with a TCAS interrogator. Yet another
example of a planned surveillance system is an Automatic
Dependant Surveillance-Rebroadcast (ADS-R). An ADS-R
transmits positional and flight intent data to aircraft from
multiple sources of data, originating from an airborne surveil-
lance source, ground based surveillance source or both.
Embodiments of the present invention use data from the sur-
veillance equipment for topology discovery.

In the communication network 200 example of FIG. 2, the
surveillance equipment 205 of the third aircraft 206 provides
information such as its ID and its position to the surveillance
transmitter 228. Surveillance transmitter 228 sends out a mes-
sage 230 via surveillance antenna 230 relating to the infor-
mation. This message is received by the surveillance receiver
212 via surveillance antenna 216 of the first aircraft 202. Also
illustrated, is surveillance equipment 203 in the second air-
craft 204 that provides at least position and ID information to
its surveillance transmitter 220. Surveillance transmitter 220
transmits message 232 that includes the at least position and
ID information via surveillance antenna 224 to the surveil-
lance transceiver 212 of the first aircraft 202 via surveillance
antenna 216. Hence in this example, the first aircraft 202 has
location information from both the second and third aircraft
204 and 206. The CMF 210 of the first aircraft takes the
location information 234 from the second and third aircraft
204 and 206 and creates a topology of the communication
network 200. The CMF 210 uses the discovered topology to
determine where to send its communication signal 240. In the
example of FIG. 2, the CMF 210 determined the second
aircraft 204 provided the best path for its communication
signal 240 based on the discovered topology.

The first aircraft 202 uses its communication transceiver
214 to transmit the communication signal 240 to the second
aircraft 204 via communication antenna 218. The second
aircraft 204 receives the communication signal 240 via its
communication antenna 226 and its transceiver 222. The sec-
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ond aircraft 204 will then discover its network topology like
the first aircraft 202 did, to determine where next to send the
communication signal on its way to its destination. If the
surveillance equipment in the aircraft is capable of providing
full topology information (e.g. an ADS-B or ADS-R system
where ground systems rebroadcast surveillance data), neigh-
boring nodes (aircraft) and the entire network topology are
determined using the surveillance data without the need for
exchanging hello messages or topology information. This
embodiment avoids all overhead associated with neighbor
discovery. If the surveillance system(s) is/are only capable of
providing neighbor information (e.g. an ADS-B system lim-
ited to exchange in surveillance data with other aircraft within
communication range), neighbor nodes are determined using
the surveillance data and the entire network topology is deter-
mined by exchanging topology information over the commu-
nication network. This embodiment avoids only the overhead
associated with neighbor discovery. Although, this embodi-
ment is less preferred it still provides a significant overhead
reduction.

In reference to the surveillance transceivers 212, 220 and
228 and the communication transceivers 214, 222 and 244,
the term “transceiver” is meant as a generic term that
describes a combination unit with both transmitter and
receiver functionality. However, as one skilled in the art
would understand, the invention would work equally well if
the transceiver function were physically represented in two
separate units, one being a transmitter and the other being a
receiver. Hence the present invention is not limited to trans-
ceivers.

FIG. 3 illustrates a communication flow diagram according
to one embodiment. In this example of an embodiment, an
aircraft has a message to send to a destination node (302). The
destination node may be another aircraft, a ground station or
the like. It is then determined if the destination node is within
radio communication range of the aircraft (301). If the desti-
nation node is within communication range, the message is
sent to the destination node (303). However, if the destination
node is not within the communication range, an ad-hoc com-
munication network is used to deliver the message. The ad-
hoc communication network takes advantage of the continu-
ous transmission of surveillance information by aircraft or
other sources. As illustrated, in FIG. 3, the originating aircraft
monitors surveillance information (304). The surveillance
information is communicated to the CMF (306). The current
topology of the communication network is determined by the
CMF based on the surveillance information (308). Then the
current topology is stored in a database (309). This monitor-
ing and storing, as illustrated, is continuously looped through
at a select frequency rate. As further illustrated in the com-
munication flow diagram 300 of FIG. 3, when the communi-
cation network is needed to deliver a message, the CMF ofthe
node sending the message determines the most efficient and
reliable route in the communication network based on the
then current stored topology (310). The reliability and lon-
gevity of the network route for future message traffic to the
same ground destination can be improved further by taking
the intended trajectory of the other aircraft into account. This
can be accomplished by using position data, aircraft intent
data, and properties of the communication link, to predict
when existing links will break, when new links will become
available, and estimating aircraft-to-aircraft link reliability
based on aircraft proximity. For example, if another aircraft is
flying on a trajectory towards the ground station, it may be a
preferable choice than choosing another aircraft in the same
relative position but traveling away from the intended ground
station. Choosing the former aircraft would increase the like-
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lihood that the same aircraft could be used for future message
traffic between the same two end points. Once the most effi-
cient and most reliable route is determined (310), the com-
munication message is transmitted to the next selected node
(312). Once, the communication message is received at the
next node (314), the next node determines if it is within
communication range of the destination node (301). The pro-
cess continues until the message is received by the destination
node (303).

The methods and techniques used by the CMU as
described above in discovering the topology can be imple-
mented in digital electronic circuitry, or with a programmable
processor (for example, a special-purpose processor or a gen-
eral-purpose processor such as a computer) firmware, soft-
ware, or in combinations of them. Apparatus embodying
these techniques may include appropriate input and output
devices, a programmable processor, and a storage medium
tangibly embodying program instructions for execution by
the programmable processor. A process embodying these
techniques may be performed by a programmable processor
executing a program of instructions to perform desired func-
tions by operating on input data and generating appropriate
output. The techniques may advantageously be implemented
in one or more programs that are executable on a program-
mable system including at least one programmable processor
coupled to receive data and instructions from, and to transmit
data and instructions to, a data storage system, at least one
input device, and at least one output device. Generally, a
processor will receive instructions and data from a read-only
memory and/or a random access memory. Storage devices
suitable for tangibly embodying computer program instruc-
tions and data include all forms of non-volatile memory,
including by way of example semiconductor memory
devices, such as EPROM, EEPROM, and flash memory
devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and DVD disks. Any
of the foregoing may be supplemented by, or incorporated in,
specially-designed application-specific integrated circuits
(ASICs).

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that any arrangement, which is calculated to
achieve the same purpose, may be substituted for the specific
embodiment shown. For example, non-aircraft vehicles
employing similar surveillance equipment could implement
embodiments of the present invention. This application is
intended to cover any such adaptations or variations. There-
fore, it is manifestly intended that this invention be limited
only by the claims and the equivalents thereof.

The invention claimed is:
1. An ad-hoc aircraft communications network, compris-
ing:
at least two aircraft vehicles, each of the aircraft vehicles
including:
surveillance equipment configured to generate surveil-
lance information;
a surveillance transceiver configured to receive surveil-
lance information from other aircraft vehicles;
a processor for managing communications, the proces-
sor configured to:
(a) receive the surveillance information;
(b) determine a current ad-hoc network topology based
on the surveillance information;
(c) store the current ad-hoc network topology;
(d) repeat (a) to (c) at a selected frequency rate; and
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(e) determine a route for communicating a message
based on the stored current ad-hoc network topology;
and

a communication transceiver configured to transmit the
message to a select node in the ad-hoc aircraft net-
work pursuant to the determined route.

2. A system for communications in an ad-hoc aircraft net-
work, the system comprising:

a surveillance transceiver located in a first aircraft, the
surveillance transceiver configured to receive surveil-
lance information generated by surveillance equipment
located in other aircraft;

a processor located in the first aircraft for managing com-
munications, the processor configured to:

(a) receive the surveillance information;

(b) determine a current ad-hoc network topology based on
the surveillance information;

(c) store the current ad-hoc network topology;

(d) repeat (a) to (c) at a selected frequency rate; and

(e) determine a route for communicating a message based
on the stored current ad-hoc network topology; and

a communication transceiver located in the first aircraft,
the communication transceiver configured to transmit
the message to a select node in the ad-hoc aircraft net-
work.

3. A method for communications in an ad-hoc aircraft

network, the method comprising:

(a) monitoring surveillance information from other air-
craft, wherein the surveillance information is generated
by surveillance equipment located in the other aircraft;

(b) determining a current ad-hoc network topology based
on the surveillance information;

(c) storing the current ad-hoc network topology;

(d) repeating steps (a) to (c) at a selected frequency rate;

(e) determining a route for communicating a message
based on the stored current ad-hoc network topology;
and

(D) transmitting the message to a select node in the ad-hoc
aircraft network.

4. The network of claim 1, further comprising:

at least one ground station that includes the select node.

5. The network of claim 1, wherein the surveillance equip-
ment of at least one of the aircraft vehicles is configured to
further generate at least one of speed information, heading
information and intended trajectory information;

wherein the surveillance transceiver of at least one other of
the aircraft vehicles is configured to receive the at least
one of the speed information, heading information and
intended trajectory information; and

wherein the processor of the at least one other of the aircraft
vehicles is further configured to determine the network
topology based on the received at least one of the speed
information, heading information and intended trajec-
tory information.

6. The network of claim 1, further comprising:

at least one ground station including a ground surveillance
source and a ground surveillance transmitter configured
to transmit surveillance information to at least one of the
aircraft vehicles.

7. The network of claim 1, wherein the surveillance equip-
ment includes at least one of an automatic dependent surveil-
lance-broadcast (ADS-B), and an automatic dependent sur-
veillance-rebroadcast (ADS-R).

8. The network of claim 1, wherein the route determined
for communicating the message based on the stored current
ad-hoc network topology comprises the most efficient and
reliable route.
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9. The system of claim 2, wherein the surveillance infor-
mation includes at least one of position, heading, speed,
vehicle ID and intended trajectory information.

10. The system of claim 2, wherein the surveillance equip-
ment includes at least one of an automatic dependent surveil-
lance-broadcast (ADS-B), and an automatic dependent sur-
veillance-rebroadcast (ADS-R).

11. The system of claim 2, wherein the route determined
for communicating the message based on the stored current
ad-hoc network topology comprises the most efficient and
effective route.

12. The method of claim 3, wherein the select node is one
of another aircraft and a ground station.

13. The method of claim 3, further comprising:

determining if the select node is a destination node for the

message; and

if the select node is not the destination node for the mes-

sage, with the select node:

monitoring surveillance information from other sources
indicating each aircraft’s position, heading and speed;

determining a then current topology of the ad-hoc air-
craft network based on the monitored surveillance
information; and
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based on the determined then current topology, trans-
mitting the message to another select node in the
ad-hoc aircraft network.

14. The method of claim 3, wherein the surveillance equip-
ment includes at least one of an automatic dependent surveil-
lance-broadcast (ADS-B), and an automatic dependent sur-
veillance-rebroadcast (ADS-R).

15. The method of claim 3, wherein the surveillance infor-
mation includes at least one of position, speed, heading,
vehicle ID and intended trajectory information.

16. The method of claim 3, further comprising:

transmitting surveillance messages from at least one

ground station.

17. The method of claim 3, further comprising:

based on the surveillance information, predicting at least

one of when existing communication links will break,
when new communication links will become available,
and estimating aircraft-to-aircraft communication link
reliability based on proximity and flight intent informa-
tion.

18. The method of claim 17, further comprising:

determining the most efficient and reliable route for the

message based on the prediction.
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